It is not understood if dabigatran or rivaroxaban are superior to antiplatelet agents (AA) for safety outcomes in Asians with non-valvular atrial fibrillation (NVAF). In this study we evaluated the bleeding risk of dabigatran, rivaroxaban, warfarin and AA in Asians with NVAF. This national retrospective cohort study analyzed 6,600, 3,167, 5,338 and 8,238 consecutive NVAF patients taking dabigatran, rivaroxaban, warfarin or AAs (including aspirin, clopidogrel or ticlopidine), respectively, from June 1, 2012 to December 31, 2013. Propensity-score weighting was used to balance covariates across study groups. Patients were followed until the first occurrence of any bleeding outcome or the end of the study. The CHA 2 DS 2 -VASc scores were 4.1±1.6, 4.1±1.6, 3.3±1.8 and 2.4±1.6 for the dabigatran, rivaroxaban, warfarin, and AA groups, respectively. There were 5,822 (88.2%) and 164 (5.2%) patients taking low dose dabigatran and rivaroxaban, respectively. Hazard ratios (95% confidence intervals) for dabigatran, rivaroxaban, or warfarin versus AA were: The risk reduction of all major bleeding for dabigatran versus AA persisted on subgroup analysis. In conclusion, we observed that dabiagtran was associated with a lower risk of all major bleeding in Asians with NVAF, whereas rivaroxaban had a similar risk of all major bleeding compared with antiplatelet agents after adjustment of comorbidities.
INTRODUCTION
Although randomized trials have shown that warfarin significantly decreased the risk of thromboembolic events by 62% in patients with atrial fibrillation (AF), vitamin K antagonists (VKAs) remained underutilized in real world clinical practice. [1] [2] [3] There is a higher risk of intracranial hemorrhage (ICH) and other major bleeding events in Asians taking warfarin, compared to non-Asians. [4, 5] Data from a real-world www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 58), pp: 98898-98917
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registry study also showed that more than 65% of Asian patients on warfarin had a markedly low (16.7%) time in therapeutic range (TTR). [6] Aspirin reduces the risk of stroke in AF patients by about 20% and is commonly used in AF patients for whom warfarin therapy is unsuitable. [1] Although aspirin is not as efficacious as warfarin in reducing the thromboembolic risk, it may be a more convenient choice than warfarin in certain patient populations, and may therefore be prescribed as an alternative to warfarin for stroke prevention especially in Asia.
The AVEROOSES trial reported that apixaban was non-inferior to aspirin for the risk of major bleeding (1.4%/year versus 1.2%/year, respectively) in AF patients. [7] These data suggested that apixaban is an attractive alternative to aspirin for stroke prevention in AF patients unsuitable for warfarin. However, there are no studies currently which directly compared the safety outcomes in AF patients treated with other nonvitamin K antagonist oral anticoagulants (NOACs), (e.g. dabigatran, edoxaban or rivaroxaban) versus those treated with aspirin. It is also unclear whether dabigatran or rivaroxaban is superior to antiplatelet agents (AA) (including aspirin, clopidogrel, or ticlopidine) for safety outcomes, specifically in Asians with AF. Therefore, in this study we evaluated the bleeding risk associated with dabigatran, rivaroxaban, warfarin compared to AA therapy in Asians with non-valvular AF.
RESULTS

Participants
Patient demographics and medication use before and after propensity score weighting are described in Tables 1  to 3 . This study enrolled a total of 6,600, 3,167, 5,338 and 8,238 consecutive patients taking dabigatran, rivaroxaban, warfarin, and AA respectively, from June, 2012 to December, 2013. Analysis of the AA group showed that a total of 7,181 (87.2%), 470 (5.7%), 252 (3.1%), and 335 (4.1%) patients took aspirin, clopidogrel, ticlopidine, and dual AAs (mostly aspirin plus clopidogrel, n=319, 3.9%), respectively, for stroke prevention. Noted no patients have shifted between different NOACs (e.g. from dabigatran to rivaroxaban, and vice versa) during their whole following period. However, a small number of patients (n=463, 4.74%) shifted between different dosages of the same NOAC. For the dabigatran group (n=6,600), 292 patients had dose alteration (4.52%): 153 altered from 150 to 110 mg; 139 altered from 110 to 150 mg. For the rivaroxaban group (n=3,167), 171 patients had dose alteration (5.40%): 11 and 19 altered from 20 to 15 and 10 mg, respectively; 16 and 44 altered from 15 to 20 and 10 mg respectively; 21 and 60 altered from 10 to 20 and 15 mg, respectively. For the AA group, no patients have shifted between different AAs or dose adjustment. Since rivaroxaban was only approved after February, 2013 in Taiwan, we selected 4,616 patients from the AA group with a first prescription of AA after February, 2013 for a head-to-head comparison with the rivaroxaban group (Table 2) . Before propensity score weighting, dabigatran, rivaroxaban, and warfarin groups were older, had a higher CHA 2 DS 2 -VASc score (heart failure, hypertension, age 75 years or older, diabetes mellitus, previous stroke or transient ischemic attack (TIA), vascular disease, age 65 to 74 years, female gender), HAS-BLED score (hypertension, abnormal renal or liver function, stroke, bleeding history, labile INR, age 65 years or older, and antiplatelet drug or alcohol use), and a higher proportion of comorbidities compared to the AA group. The CHA 2 DS 2 -VASc scores were 4.1±1.6, 4.1±1.6, 3.3±1.8 and 2.4±1.6 for the dabigatran, rivaroxaban, warfarin, and AA groups, respectively.
Incidence of bleeding outcome
The annual incidence of intracranial hemorrhage (ICH) was 0.6%, 1.3%, and 0.8%; the risk of gastrointestinal bleeding (GIB) was 1.3%, 1.5%, and 1.8%; and the risk of all major bleeding was 1.8%, 2.9%, and 2.6% for the dabiagtran, warfarin, and AA groups, respectively (Tables 4 and 5 ). Before weighting, dabigatran was associated with a significantly lower risk of GIB (Hazard ratio (HR): 0.68; P = 0.0200) and all major bleeding events (HR: 0.67; P = 0.0040) compared with AA. Warfarin carried a significantly higher risk of ICH compared to AA before adjustment (HR: 1.67; P = 0.0096). After weighting, dabigatran was associated with a significantly lower risk of ICH (HR: 0.36; P<0.0001), GIB (HR: 0.44; P<0.0001) and all major bleeding events (HR: 0.41; P<0.0001) compared with AA. The AA group was further categorized by use of aspirin and P 2 Y 12 inhibitor (including clopidogrel and ticlopidine). Dabigatran was associated a lower risk of GIB and all major bleeding events compared with either aspirin or P 2 Y 12 inhibitor (Table 4) . Warfarin had a significantly lower risk of GIB (1.53 vs. 2.23%/year; HR: 0.68; P=0.0189) than AA after adjustment. The warfarin and AA groups had a similar risk of all major bleeding events (P=0.4130). It is noted that warfarin caused a significantly higher risk of ICH compared with P 2 Y 12 inhibitor (HR: 3.35; P<0.0001) ( Table 5 ). The annual incidence of ICH, GIB and all major bleeding was 0.5%, 2.0%, and 2.5% for rivaroxaban, respectively (Table 6 ). There was no significant difference in the risk of ICH, GIB or all major bleeding for rivaroxaban versus AA before adjustment, whereas rivaroxaban had a significantly lower risk of ICH compared with AA after adjustment (HR: 0.25; P=0.0037). It is noted that rivaroxaban caused a lower risk of all major bleeding compared with P 2 Y 12 inhibitor (HR: 0.60; P=0.0336) ( Table 6) . Figures 1 and 2 show a clear separation of event curves for ICH, GIB, and allmajor bleeding between the dabigatran and AA groups The abbreviations as in Table 1 . The abbreviations as in Table 1 . www.impactjournals.com/oncotarget both before as well as after propensity score weighting adjustment.
Predictors of major bleeding
Multivariable analysis showed that age ≥ 75 years was statistically significant independent predictor of major bleeding in the dabigatran, warfarin as well as AA groups (P<0.01 in all groups). Presence of heart failure (HR, 1.85; P=0.0195) and chronic kidney disease (HR, 2.28; P=0.0005) were the other independent predictors of major bleeding events in the dabigatran group. Additionally, the presence of stroke/TIA and use of non-steroid anti-inflammatory drugs were significant independent predictors of major bleeding in the AA and warfarin groups (P<0.05 in both groups). Female and use of non-steroid antiinflammatory drugs were significant independent predictors of major bleeding in the rivaroxaban group (Table 7) .
Bleeding risk in selected subgroups
Subgroup analysis was performed to determine whether patients in the dabigatran and warfarin groups had a lower risk of all major bleeding compared to patients taking either aspirin or P 2 Y 12 inhibitor (including clopidogrel and ticlopidine). A total of 5,822 (88%) and 164 (5%) patients were prescribed low dose dabigatran (110 mg twice daily) and rivaroxaban (10 mg once daily), respectively. Among these patients, there were 3,846 (58%) and 2,046 (65%) patients with a previous history of warfarin exposure, respectively. Our analysis showed patients on dabigatran had a lower risk of major bleeding compared to patients with either aspirin ( Figure 3 ) or P 2 Y 12 inhibitor (Figure 4 ) in most subgroups. In contrast to patients in the dabigatran group, patients in the rivaroxaban and warfarin groups had a similar risk of major bleeding compared to either aspirin or P 2 Y 12 inhibitor group in most subgroups ( Figures 5 to 8) .
DISCUSSION
This large population-based study investigated the safety profiles of dabigatran, rivaroxaban, and warfarin versus AA with a specific focus on Asians with NVAF taking antithrombotic agents. Our data showed that nearly 90% of patients taking low doses of dabigatran (110 mg twice daily) had a significantly lower risk of ICH, GIB and all major bleeding compared to patients taking AA after adjustment. Importantly, patients in the warfarin and AA groups had a similar risk of ICH and all major bleeding after adjustment. Approximately 87% of patients taking low doses of rivaroxaban (10 or 15 mg once daily) had a The abbreviations as in Table 1 significantly lower risk of ICH, but a similar risk of GIB and all major bleeding compared to patients in the AA group after adjustment. Subgroup analysis confirmed that dabigatran was associated with a lower risk of major bleeding compared with AA in most subgroups, whereas warfarin and rivaroxaban were associated with a similar risk of major bleeding compared with AA in most subgroups. Aspirin has been shown to be ineffective for stroke prevention among whites with AF. [1, 13] Recent data from a Japanese trial and a Hong Kong cohort also indicated that aspirin was not effective for stroke prevention among Asians with AF. [14, 15] It is estimated that as high as 25% of AF patients take aspirin for stroke prevention in Asia, possibly due to an impression that aspirin is safer than warfarin. [16] There are several explanations for the unique phenomenon of warfarin underutilization in Asia: It has been reported a 2 to 4-fold higher risk of ICH in Asians treated with warfarin compared with whites over the entire therapeutic range. [4, 5] It seemed that it is more difficult to maintain the therapeutic range of international normalized ratio (INR) of 2 to 3 among Asians on warfarin compared with nonAsians, possibly due to ethnicity and drug interaction. [6, 17] For the above reasons, physicians were relatively reluctant to prescribe warfarin in Asia.
The BAFTA and recent Hong Kong cohort studies indicated there was no difference in the risk of cerebrovascular hemorrhage between warfarin and aspirin. [13, 15, 23] The 2016 ESC guidelines for AF reported that the risk of major bleeding or ICH associated with aspirin is not significantly different from that of oral anticoagulants, which was mainly based on results from the BAFTA study. [19] In the contrast, a recent meta-analysis which pooled several randomized trials investigating the major bleeding risk associated with aspirin versus vitamin K antagonists (VKA), including the recently published WARCEF trial, indicated that the risk of major bleeding was substantially higher for VKA targeting the current usual INR range compared to aspirin. [20] Our study showed that the annual risk of ICH in our Asian cohort taking warfarin was 1.3%, which was compatible to the reported risk of 1.1 to 2.5% in the Asian subgroup analyses from the four pivotal NOACs trials. [21, 22] Although the risk of ICH in the warfarin group was significantly higher compared to the AA group (0.76%) before adjustment, warfarin did not cause a higher ICH risk than AA after co-morbidity adjustment. Additionally, our study indicated that AA use was indeed associated with a higher risk of GIB compared with warfarin. Considering the similar incidence of overall major bleeding events between the warfarin and AA groups either before or after adjustment, our study concluded that AA was not a "safer" alternative to warfarin in reducing major bleeding events in Asians. There are few studies which directly compared the bleeding risk between NOACs and aspirin. Until now, only the AVERROES trial reported that apixaban was superior to aspirin for stroke prevention in AF patients who were deemed unsuitable for warfarin treatment, and apixaban reduced the risk of stroke/systemic embolism from 3.7%/year to 1.6%/year compared with aspirin. [7] There was no significant difference in major bleeding risk between apixaban and aspirin (1.4%/year versus 1.2%/year). Ho et al. investigated the ICH risk in a real-world cohort of Chinese AF patients receiving warfarin, dabigatran, aspirin, or no therapy. [17, 18] The incidence of ICH was lowest in patients on dabigatran (0.32%/year) as compared with those on aspirin (0.80%/ year). However, the patient numbers in this study were very limited, with only 393 and 3,600 patients taking dabigatran and aspirin, respectively. In contrast, our study is the largest ever examination of the safety of anti- Asians taking dabigatran and AA respectively. Our data indicated that dabigatran was significantly associated with a lower risk of all major bleeding compared with AA during identical follow-up periods. The RELY subgroup analysis previously indicated that the major bleeding risk was significantly lower among Asians on either standard or low dose dabigatran compared to warfarin. [24] In contrast, the ROCKET-AF trial and recent real world data showed that rivaroxaban, which was in contrast to other NOACs (apixaban, dabigatran, and edoxaban), has a similar risk of major bleeding comparable with warfarin. [25] [26] [27] [28] [29] [30] The recent real world data further demonstrated that rivaroxaban caused more ICH, GIB and all major bleeding than dabigatran. [31] It was therefore expected that rivaroxaban may be associated with a comparable risk of major bleeding as AA. However, our present data showed that in real world practice in Asia, both dabigatran and rivaroxaban were associated with a lower risk of ICH compared to AA. 
Study limitations
First, we cannot evaluate several laboratory parameters including hemoglobin, labile INR, renal and liver function test, and other potential confounders from the national database. Second, although we included an extensive number of variables in our model and achieved a close balance for most factors, residual confounding by unmeasured factors cannot be excluded. Third, this study had a relative short follow-up period. Fourth, the data regarding apixaban and edoxaban were not available. Finally, because dabigatran largely depends on renal excretion, it is possible that the physicians could avoid the use of dabigatran for patients with a further impaired renal function. Consequently, the baseline renal function may be better for the dabigatran group compared to other group, which may explain for the better safety profiles with dabigatran compared to other study group. Because the NHIRD does not have important laboratory data including serum creatinine level, we cannot clarify the issue if the favorable outcome of safety issue for dabigatran was contributed from the better baseline renal function or not.
MATERIALS AND METHODS
Study population
The Taiwan National Health Insurance (NHI) system is a mandatory universal health insurance program providing comprehensive medical care coverage to all Taiwanese residents. The NHI research database (NHIRD) of the National Health Research Institutes of Taiwan included detailed health care information for more than 99% of the Taiwanese population (23 million enrollees) in 2014. [8] The study was approved by the Institutional Review Board of Chang-Gung Medical Foundation.
This study evaluated a national cohort with four study groups (dabigatran, rivaroxaban, warfarin and AA). [9, 32] Index date for each study group was defined as the first date when medication was prescribed. The excluded patients were presented in Figure 9 . Patients taking NOACs or warfarin with concomitant use of AA after the index date (n=6,263) were also excluded. The follow-up period was from the index date until the occurrence of the first study outcomes or the end of the study period (December 31, 2013), whichever came first.
Study outcomes
The three study outcomes defined to determine the safety profiles for dabigatran, rivaroxaban, warfarin and AA were 1) ICH, 2) GIB, and 3) all major bleeding events. The study outcomes had to be a discharge diagnosis. Major bleeding was defined a hospitalized bleeding event with hemorrhage into a critical site (e.g., gastrointestinal, intracranial, intraspinal, intraarticular, intraocular, pericardial, retroperitoneal, or intramuscular with compartment syndrome). ICH was defined with the use of codes for atraumatic hemorrhage. [9] The ICD-9-CM codes used in the study outcomes are summarized in Table 8 . It notes that the same patient could have more than one study outcomes and could have the same study outcomes several times during the study duration. However, only the study outcomes which appeared first were counted, because patients were managed differently based on their study outcomes.
Covariates
Information for risk factors of cardiovascular events and bleeding, and use of medication at baseline was obtained from claim records with the above diagnoses or medication codes prior to the index date. History of bleeding was confined to events within 6 months preceding the index date. A history of specific prescribed medicines was confined to medications used at least once within 3 months preceding the index date. The CHA 2 DS 2 -VASc score predicted the risk of ischemic stroke in AF patients, and the HAS-BLED score predicted the risk of bleeding in AF patients treated with oral anticoagulant or antiplatelet. [10, 11] 
Statistical analysis
The effects of dabigatran, rivaroxaban and warfarin on study outcomes were estimated using the propensity score method. Inverse probability of treatment weights (IPTW) of propensity scores was used to balance covariates across the two study groups. [12] The balance of potential confounders at baseline (index date) between the two study groups was assessed using absolute standardized mean difference (ASMD), rather than using statistical testing, because balance is a property of the sample and not of an underlying population. The value of ASMD ≤0.1 indicates a negligible difference in potential confounders between the two study groups. Risk of study outcomes over time for dabigatran, rivaroxaban or warfarin compared with AA (reference) was obtained using survival analysis (Kaplan-Meier method for univariate analysis and Cox proportional hazards regression for multivariate analysis) after IPTW. Statistical significance was defined as a P value of <0.05. All statistical analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, North Carolina).
CONCLUSIONS
Dabigatran use was associated with significantly lower risk of all major bleeding events compared to AA in a large Asian cohort with NVAF. In contrast, patients in rivaroxaban groups had a similar risk of major bleeding compared to the AA group. The findings implicated that
